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By means of the idea of measurements on the crossed space-time nonlocal observables, we extend 
the mechanism for the two-way quantum teleportation to the chain teleportation among N spatially 
separated spin-1/2 systems. Since in the process only the local interactions are used, the microcausality 
is automatically satisfied. 
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In 1993, Bennett, Brassard, Crepeau, Jozsa, Peres, 
and Wootters (BBCJPW) [1] have proposed a general 
mechanism to teleport the unknown quantum state at 
particle 1 to particle 3. To this end the particle 3 is pre- 
pared initially in a Bell state with particle 2. Then a Bell 
state measurement between particles 1 and 2 causes the 
teleportation (possibly with rotation). In 1997, the first 
experimental quantum teleportation based on BBCJPW 
mechanism has been performed by  A. Zeilinger et al 
[2]. In 1998, the first realization of unconditional quan- 
tum teleportation was actually teleported by H. J. Kimble 
et al.[3]. The BBCJPW teleportation may be viewed as 
one-way teleportation which teleport the state of particle 
1 to particle 3, not the reversed. L. Vaidman has 
proposed another teleportation mechanism (VAA)[4] by 
extending the method of Aharonov and Albert [5] from 
nonlocal measurements in space to those in both space 
and time. This VAA mechanism can achieve a nonlocal 
swap of states between two spatially separated particles, 
therefore it is a scheme for two-way teleportations. In 
this brief repot we extend the two-way teleportation to 
the chain teleportation of states among N spatially se- 
parated spin 1/2 systems. In the following we first briefly 
review the two-way teleportation, and then describe the 
mechanism for chain teleportation. 
For two spatially separated spin-1/2 systems, in 
order to achieve the two-way teleportation, the VAA 
model tries to measure the following “crossed” space- 
time nonlocal operators              
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where the operator subindices 1 and 2 denote the loca- 
tions 1 and 2, respectively, and . In this model 
only local interactions are used. The Hamiltonian is  
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where the normalized has a compact support around 
zero;  and  are conjugate momenta of the pointer 
variables and of devices which locally interact at 
locations 1 and 2, respectively, at time . Similarly, 
for  and  at time . The initial sates of the devices 
are set to be entangled 
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After the interactions are completed, with , 
we have 
   (4)        
and therefore, local measurements of and  whose 
results are exchanged between locations 1 and 2  yield 
the values of operators in (1) . If the results are zeros, 
then the two-way teleportation is completed. If they are 
not zeros, then appropriate local rotations should be per- 
formed to achieve it. Since in the process only local in- 
teractions are used and only local measurements of de- 
vices are performed, the microcausality is automatically 
satisfied. 
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Now we try to extend the mechanism for the 
two-way quantum teleportation to the chain teleportation 
among N spatially separated spin-1/2 systems. By the 
chain teleportation we mean to cyclically permute the 
spin states of N spin-1/2 systems which are located at 
various different locations. That is if initially the state is 
at
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final state
NNN 1211 −φφφ L  by using the method 
of VAA mechanism. The crossed space-time nonlocal 
observables to be measured are chosen to be 
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where is the odd(even) number and represents the 
location. The Hamiltonian is 
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where g, Pi, and Pi’ are defined as those in (2) and 
. Therefore N devices interact locally with these 
N systems at , and N primed devices interact at . 
The initial sates of the devices are set to be 
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where the subindex N+1 is defined to be 1. After the 
interactions are completed, we obtain 
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where the subindex i (k) is an odd (even) number which 
is smaller than N. If the outcomes of local measurements 
of and  for all j=1,2,3---,N give zero results to 
all expressions in (8), then the chain tele- porttation is 
completed. If some of them are equal to two, not zeros, 
then appropriate local rotations should be performed to 
achieve it. The above chain teleportation may be 
represented by the following figure 
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Figure 1. Chain Teleportation : Let i(k) be the odd(even) 
number which is smaller than N. Then the chain 
teleportation is accomplished if 0)()( 2,11 =−≡ + ttx xiix σσ , 
0)()( 2,11 =−≡ + tty ykyk σσ , and 0)()( 211 =−≡ ttz zNz σσ . 
 
In this brief report we have demonstrated how to 
extend two-way teleportation to chain teleportation by 
means of crossed space-time nonlocal measurements. We 
note that the mechanism for chain teleportation is not 
unique. For example, it is not necessary to use 
 in (5). We can just follow 
the rule to use for N is odd, 
or for N is even.  
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